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ABSTRACT

Four fossil flowers of Hippocratea volubilis were found preserved in copal from ground deposits near Cotui, Dominican Republic. The speci-
mens fall within the pattern of morphological variation of this widespread New Warld species. The time of depaosition of the copal is uncer-
(ain, the estimates ranging from under 1000 ybp to Miocene. The younger age 1s supported by carbon-14 dating from 2 laboratories, whereas
the older date is based on measurements from proton magnetic resonance Spectroscopy. Assignment of these fossils to a modern species

supports an age of less than 1000 years for the Cotui deposits.

n conservadas en copal en depositos cerca de Cotui, Republica Dominicana. Los
ca de esta especie frecuente del Nuevo Mundo. El tiempo de deposicion del copal
ybp hasta el Mioceno. L2 edad mas reciente esta soportada por datacion me-

antigua esta basada en medidas de espectroscopia de resonancia magnetica
de 1000 anos para los depositos de Cotui.

Cuatro flores fosiles de Hippocratea volubilis se encontraro
especimenes coinciden en su patron de variacion morfologi
es incierto, las estimaciones varian desde por debajo de 1000
diante carbono-14 en 2 laboratorios, mientras que la edad mas
de protones, La asignacion de estos tres fosiles a una especie moderna soporta una edad de menos

INTRODUCTION

curs in a number of small mines in the northern and eastern

portion of the country. The fossil material from these mines consists of amber and has been dated at 15-20
mybp using foraminifera index fossils (Itturalde-Vinent & MacPhee 1996) and at 20—45 mybp with coccolith

index fossils (Cepek in Schlee 1990). Some softer, clearer material from the vicinity of Cotui has also been col-

kcmd; however, the age of this is uncertain, al[hough it has generally been COIlSidEI'Ed younger than the amber.

Itis often referred to as “copal” or <emi-fossilized resin, which ditters from amber in a number of physical

Properties. Copal occurs in various parts of the world, especially in South America and New Zealand (Poinar
1992). 1t can be considered “young amber,’ and under the right conditions it could mature into amber after

millions of years.
The flowers described here are members of the genus Hippocratea (Celastraceae, Hippocrateoideae), as
defined by Smith (1940, p. 357). Three of the tlowersare Tlustrated; the fourth is darkly pigmented and unsuit-

able for study. All are bisexual and in the pistillate phase, with stamens recurved and style elongated (Matthews
& Endress 2005). The conical disc enclosing the pistil is divided horizontally into 2 sections and is minutely

Papillate throughout. The petals are imbricate at the base and abaxially tomentulose, with villous-ciliate mar-

gins. Pubescence of the adaxial surface consists of villous trichomes in a transverse band below the apex,

®quivalent to the “transversely barbellate” condition described by Smith (1940, p. 360) for H. volubilis. The se-

Pals are ovate, imbricate. and minutely papillate abaxially. Based on comparison with.a series of he‘rbarilfm
SPecimens of H. volubilis respecting these and other floral leatures, We identify the fossils as conspecific with

this taxon.

Fossilized resin in the Dominican Republic oc
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Published estimates of the age of Cotui copal have ranged from Miocene to as young as 1000 ybp or less.
Our conclusion that the Hippocratea flowers are assignable to the extant species H. volubilis strongly supports
the latter, younger age, which was obtained from carbon-14 dating in 2 laboratories (“Beta Analytic” in the
United States and “Harz aus dem Tennengebirge” in Germany).

Hippocratea pollen is well represented in the fossil record (Muller 1981), but to our knowledge these are
the first fossil flowers of the genus to be discovered.

MATERIALS AND METHODS

The specimens were collected from the upper 8 inches of soil at Zambrana Abajo near Los Ranchosin the vicinity
of Cotui, a village located in a valley between the Cordillera Central and Cordillera Septentrional, Dominican
Republic. The materialis clear with ayellow tinge. Many samples are collected by children who follow the plows
during the planting of maize (personal correspondence from the late Jake Brodzinsky, 20 September 1987).

The age of fossilized resin from Cotui is unclear. Because of its light color and fairly soft texture, it has
been referred to as copal, a term used for semi-fossilized resin that possesses specific physical properties re-
lated to color, hardness. melting point, and solubility (Poinar 1992). Age estimates range from under 1000
years, based on radiocarbon dating (Schlee 1984. Poinar, unpublished results), to Miocene, based on proton
magnetic resonance spectroscopy (Lambert et al. 2012). In support of the older age was the discovery, in the

copal, of several new insect species now considered to be extinct (Popov 1987: De Andrade & Baroni Urbani
1999),

Analysis). The study found that Cotui copal showed a lower degree of maturity than that of the matrix rock.
indicating that it had been washed into the older bedrock fairly recently and probably represents deltaic depos-

its. Further analysis of Cotui copal revealed that the plant source of the resin was Hymenaea courbaril (Mas-
talerz & Poinar, unpublished observations). a tree species that still exists on Hispaniola.

DESCRIPTION

105A, 5d-9-105B), and J. Brodzinsky s.n., 1987 (Sd-

9-105C), deposited in the Poinar amber collection maintained at Oregon Stalé
University, Corvallis, Oregon 97331 US.A.

Flowers bisexual, total length (pedicel apex to tip of style) 2.4 mm, calyx shallowly cupulate (Fig. 2), sepals .
ovate, 1mbr1«:§te.i 0.6-0.8 mm long, 0.8-0.9 mm wide, blunt-tipped, abaxially papillate, petals 3, spreading,
lanceolate-elliptic, 2.1 mm long, 1.2 mm wide, 7-9-nerved, slightly overlapping at the base (Fig. 3), ip

curved, abaxial surface tomentulose with short, curved trichomes, adaxial surface with villous trichomes in
broad to narrow transverse band or arc slightly more than half-way distal from the base (Figs. 1, 4), sometime
papillate in a band proximal to the villous trichomes (Fig. 1), the central portion otherwise glabrous and dis
tinctly veined downward to the base (Figs. 1,4, 5), margins ciliate-villous (Figs. 1, 2), disc 1.3 mm high, 1.7m™
In diameter, pulvinate, conical. enclosing the ovary, 2-parted, enlarged below al;d z;bove the mid-line (Figs- 1
3), the surface densely and minutely papillate, stamens 3. strongly recurved (Figs. 1, 3, 4), filaments 0. mm
long, 0.3 mm wide, strap-shaped, abaxially papillate near hase (Fig. 1), anthers termil;al 1 bilocular, ovoid, 0%
U.5 mm, dehiscent extrorsely by a single horizontal slit, exposed style 1.2 mm long, stigl;la minute, 13"‘-"511‘:EI L)

DISCUSSION
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The copal flowers are in the female stage of
maturation, with reflexed stamens and
elongated style, as illustrated by Matthews
and Endress (2005, figs. 49, 50). The adaxial
pubescence of the petals consists of a con-
spicuous band or arc of villous trichomes,
which is essentially similar to the pubes-
cence pattern in herbarium specimens of H.
volubilis. Such trichomes were, in fact, cited
by Smith (op. cit., p. 357) as a diagnostic
trait of the genus. The petals of the flowers
appear from photographs to be slightly con-
nate. but careful microscopic study shows
them to be basally imbricate. The floral disc
is divided into upper and lower segments,
thus differing from Smith’s illustration of H.
volubilis (op. cit., p. 357). However, similar
2-parted discs are often present in herbari-
um specimens of that species, including
many from the Caribbean region. InA. & F.
Liogier 30929, Puerto Rico (US2996525),
for example, the upper and lower disc seg-
ments are sharply differentiated, with both
parts being papillate, as 1n our fossils. In
hoth C.V. Morton 7839, Honduras
(US202361) and R.S. & E.5. Howard 9817,
Dominican Republic (US2228804), on the
other hand, the upper half of the disc is
much more prominently papillate than the
lower half. The upper section of the disc is
<ometimes reduced to a narrow papillate
band below the anthers (e.g.. D.K. Christo-
pher et al. 69. NY s.n., Puerto Rico). A pecu-
liarity of petal pubescence In both the mod-
ern and fossil flowers is that a zone of papil-

Fi. 1. Flower A, apical view, showing bilobed form of the disc. Note villous-ciliate margin
and involute tip of petals. Short arrow points to abaxial papillae on filament. Long
armow designates band of papillate trichomes on adaxial petal surface. Bar=1mm.

il

, late trichomes may or may not be present
proximal to the adaxial band of villous tri-
chomes. This is illustrated in Fig. 1, al-

?ﬁi‘eﬁow“" b_asal view, showing calyx and ama'mwmmmhw though the microscopic nature of these pa-
petal margins. Arrows Wiﬂttﬂzseﬂsahemﬁﬂgw'thmb' P~ pillae often makes them difficult to

observe.

In the conservative taxonomic treatment by Smith (1940), Hippocratea was made monotypic, a-nd‘ over 40
| . od under the single species H. volubilis. He limited this

‘axon to the tropics and subtropics of the New World, where 1ts Tange extends north as far as the Ex*ergla@es of
Florida (Long & Lakela 1971). The pubescence of perianth, disc, androecium, and pﬁ'dlll_“lcle in th'_a Cotui fos-
sils, as described above. falls within the variation that we observed in available herbarmrr! spemméns. of H.
Volubilis. With the exception of petal length and width, the sizes of floral parts in the foss_ﬂs are within Fhe
tanges given for H. volubilis in Smith's species description (op- cit., p- 360). The petals are slightly shorter (2.1
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vs. 2.5-4 mm) and narrower (1.2 vs. 1.3-2.6
mm) than measurements cited by Smith for the
extant species. There is no indication that these
quantitative ditferences are due to the process
of preservation.

The assignment of the flowers to an extant
species favors the more recent of the two con-
flicting age estimates for Cotui copal, namely
an age of 1000 years or less, commensurate
with the results from carbon-14 dating.

Hippocratea and its allied genera, once rec-
ognized as the separate family Hippocrateaceae
(Smith 1940; Loesener 1942; Long & Lakela
1971; and others), are now included in family
Celastraceae as subfamily Hippocrateoideae
(Simmons 2004, Matthews & Endress 2005.
Stevens 2001 onwards). Molecular phylogenet-
ic studies by Savolainen et al. (1997, 2000). Sim-
mons et al. (2001a, 2001b), and others confirm
this relationship. The subfamily has been
shown to comprise a monophyletic group (Sim-
mons et al. 2001b, Simmons 2004). but the tribe
Hippocrateeae, to which the genus is assigned,
Is not monophyletic unless tribe Campyloste-
moneae is included (Simmons et al 2001b).

The described specimens appear to be the
first recorded sub-fossil flowers of the genus.
They will be useful to future monographers,
floristics workers. and paleontologists interest-
ed in the Caribbean region. As noted above.
there are pollen records of Hippocratea from the

Oligocene and lower Miocene (Muller 1981 P
81).
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Fic. 3. Flower A in lateral view, showing reflexed stamens and bilobed form of the
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